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Abstract
Objectives—To assess parental understanding of body mass index (BMI) and BMI percentiles
using standard versus color-coded charts and investigate how parental literacy and/or numeracy
(quantitative skills) impacts that understanding.
Methods—A convenience sample of 163 parents of children aged 2–8 years at two academic
pediatric centers completed a demographics questionnaire, the mathematics portion of the Wide
Range Achievement Test (WRAT-3R), the Short Test of Functional Health Literacy in Adults (S-
TOFHLA), and an “Understanding BMI” questionnaire, which included parallel BMI charting
questions to compare understanding of standard versus color-coded BMI charting. Outcomes
included parental-reported versus actual understanding of BMI, the odds (obtained by generalized
estimating equations) of answering parallel questions correctly using standard versus color-coded
charting, and odds of answering questions correctly based on numeracy and literacy.
Results—Many parents (60%) reported knowing what BMI was, but only 30% could define it even
roughly correctly. Parents using color-coded charts had greater odds of answering parallel BMI
charting questions correctly than parents using standard charts (mean 88% vs. 65% correct; pooled
AOR=4.32, 95% CI: 3.14–5.95; p<.01). Additionally, parents with lower numeracy (K-5 level)
benefited more from color-coded charts (increased from 51% to 81% correct) than did higher
numeracy parents (≥ high school level), who performed well using both charts (89% vs. 99% correct).
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Conclusions—Parents consistently performed better using color-coded than standard BMI charts.
Color-coding was particularly helpful for lower numeracy parents. Future studies should investigate
whether these results translate into offices and whether understanding motivates parents toward
important lifestyle change.
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INTRODUCTION
Childhood obesity in the United States is increasing at an alarming rate, creating challenges
for healthcare providers. Early treatment can prevent worsening weight status.1 Although best
strategies for preventing and treating obesity continue to evolve, national policy statements
urge pediatricians to discuss behavioral changes with parents (e.g., limiting television, limiting
sweetened drinks, and increasing physical activity), particularly for children at higher risk.2
While pediatricians and parents seem well-positioned to help children reverse unhealthy weight
patterns,2, 3 initiating these or other behavioral prescriptions requires parental motivation. One
of the barriers to motivation may be that both providers and parents under-recognize the
problem for individual children.
Parents often fail to recognize when their children are overweight; this is particularly true for
young children.4–7 Additionally, prior studies have demonstrated that fewer than 20% of
pediatric physicians routinely use recommended Centers for Disease Control and Prevention
(CDC) age- and gender-specific Body Mass Index (BMI; BMI= kg/m2) charts, explicitly
designed to screen for unhealthy weight trajectories.8, 9 In one study of health supervision
visits, only 6% of visits had BMIs plotted.10 Pediatrics providers also report low self-efficacy
in managing obesity, citing multiple barriers including poor patient and parent motivation.11–
13 One study noted that 65% of pediatricians believed “caregiver does not perceive weight as
a problem” to be a frequent barrier to optimal care.14 Furthermore, according to focus group
study, concern about parents not understanding BMI’s complexity deters some pediatricians
from discussing it.15
Few data exist to indicate whether or not parents do, in fact, understand BMI. Literacy and
numeracy skills are likely required to understand and review BMI charting with health
professionals. How literacy and numeracy affect understanding of BMI charting, though, has
not been previously reported. Assessing whether parents understand BMI and developing
effective tools for conveying children’s BMI status to parents in pediatricians’ offices could
facilitate improved parental BMI understanding and motivation. Such understanding and
motivation would allow pediatricians to partner with parents to implement recommended
obesity prevention and treatment strategies.
One potentially helpful communication tool is a color-coded BMI chart. Color-coding assigns
“stop light” green, yellow, and red colors to increasingly concerning zones of weight status,
analogous to the frequently-used “Asthma Action Plan.”16, 17 It has been previously described
as helpful to primary care pediatricians’ efforts.18, 19 Whether color-coding the BMI chart
facilitates understanding for parents, however, has not been investigated.
The goals of this study were as follows: to assess parental understanding of BMI charting using
both currently available, standard BMI charts20 and color-coded BMI charts; and to determine
the relationship between health literacy and numeracy skills and the ability to comprehend
standard and color-coded BMI charting. We hypothesized that parents would interpret color-
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coded BMI charts more accurately than standard charts, and parents with lower health literacy
and numeracy skills would be especially helped by color-coding.
Methods
Participants
A convenience sample of parents or caregivers was recruited from the waiting room of the
University of North Carolina primary care and subspecialty pediatrics clinic and the Vanderbilt
University primary care clinic waiting room at varying times of the day and week for this cross-
sectional study. Individuals were approached as they entered the waiting room after checking
into clinic and asked if they were interested in participating in the study. Those who agreed to
participate received a small ($10.00) monetary honorarium on completion of the study. This
study was approved by the UNC IRB (#06-0978) and the Vanderbilt IRB (#071014).
Caregivers were deemed eligible if they had a child aged 2–8, spoke English, had sufficient
vision (visual acuity >20/50 using the Rosenbaum Pocket Vision Screener), and did not have
a neurologic or mental illness that would interfere with their ability to complete the
questionnaire. Parents were considered to speak English if they were planning to communicate
with their child’s doctor in English during their clinic visit (without the use of an interpreter)
so as to simulate a real clinic experience and level of understanding. All caregivers were
screened for colorblindness using the Neitz test of color vision; however, colorblindness was
not an exclusion criterion.
Data collection
All questionnaires were administered to the caregiver on a one-to-one basis in a confidential
manner and took approximately 20–30 minutes to complete. Participants completed a short
demographic questionnaire assessing race, ethnicity, educational attainment, and insurance
status (Medicaid, TennCare, private insurance, or none). They were then given the previously
validated Short Test of Functional Health Literacy in Adults (S-TOFHLA) to assess health
literacy,21 followed by part I of the “Understanding BMI” questionnaire, described below.
After Part I, the participants completed the mathematics portion of the Wide Range
Achievement Test (WRAT-3R), a previously validated measure,22 to assess numeracy or
quantitative skills (this was placed in between Parts I and II of the Understanding BMI
questionnaire to distract participants). Finally, they completed Part II of the Understanding
BMI questionnaire.
Understanding BMI questionnaire
Part I of the Understanding BMI questionnaire included: 1) a question asking the ages of all
children in the household; 2) a question as follows: “During any of your child(ren)’s last regular
check ups, did the doctor talk to you about Body Mass Index (BMI)?”; 3) assessment of parents’
baseline understanding of BMI by an open-ended question where parents were asked to provide
a definition in open-ended format that was transcribed verbatim; 4) a question asking parents
to identify the weight status of a hypothetical child using a reference table but no BMI chart;
5) four closed-ended, multiple choice questions requiring interpretation of standard BMI charts
(see Figure 1), and 6) two closed ended, multiple choice “control” questions whose answers
were not dependent on color-coding (see Figure 1). Part II of the Understanding BMI
questionnaire included the same multiple choice BMI charting questions from Part I (see Figure
1), except color-coded BMI charts were used instead of standard ones for interpretation.
Questions in Parts I and II requiring interpretation of BMI charts will be subsequently referred
to as “parallel BMI charting questions.” To minimize the effect of question order on participant
response, the parallel BMI charting questions were randomized to a different order for Part II
versus Part I.
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On the color-coded charts, areas were shaded green indicating “healthy weight” (5th to <
85th percentile), yellow indicating “at risk for overweight” (85th to < 95th percentile), or red
indicating either “overweight” or “underweight” (≥95th or <5th percentiles, respectively) (see
Figure 2). Each question using a BMI chart included a key, explaining the significance of each
color for color-coded charts (e.g., “on this chart, green indicates healthy weight,” etcetera) or
the percentile lines for standard charts (e.g., “on this chart, between the 5th percentile and
85th percentile indicates healthy weight,” See Figure 1). All BMI questions were worded and
read to caregivers by the research assistant in a way intended to simulate how clinicians present
information about BMI. On questions requiring BMI chart interpretation, the research assistant
also pointed to the “X” on the chart for each question, when applicable, in order to further
simulate clinician communication.
Of note, the recommended terminology for obesity changed during the study period, with the
previous “at-risk” category now “overweight” and the previous “overweight” category now
“obese.”2 For consistency, the initial terminology and BMI categories were used for the
“Understanding BMI” questionnaire throughout the project and will be reported as such here.
Data Analysis
Descriptive statistics were calculated for the combined sample and for each of the two sites.
Comparisons between the sites were made using Fisher’s exact test for categorical variables
and the two-sample t-test for continuous variables. Fisher’s exact test was also used to compare
parents’ understanding of BMI using the standard charts among those who had discussed BMI
with their physicians at a prior regular check ups and those who had not.
The correctness of parents’ open-ended BMI definition was determined using a 2 out of 3
consensus amongst co-authors (EP, MO, and JF) blinded to other parent data. A BMI definition
was considered “correct” if the caregiver included the notion that BMI is the way medical
personnel determine whether a child is at a healthy weight and/or if the caregiver described
that BMI accounts for differences in weight by height. The correct mathematical equation was
not necessary. The agreement of “correctness” of the three researchers was assessed using
kappa as a measure of inter-rater reliability. Logistic regression was employed to calculate the
odds ratio (OR) of understanding BMI (the ability to correctly define BMI in an open-ended
short-answer format) based on WRAT-3R, S-TOFHLA scores, education, income, race, and
insurance, adjusting for site.
The proportion of parents correctly answering each of the four multiple choice parallel BMI
charting questions requiring interpretation of standard and color BMI charts and two control
questions was calculated. The individual proportion for each question, in addition to a pooled
estimate of the overall percent correct, was obtained for each of the BMI chart types.
Generalized estimating equations (GEE) with an exchangeable correlation matrix, logistic link
function and individual clusters were used to calculate ORs for answering a question correctly
using the color-coded versus standard chart. Models were run for each combined individual
question pair of parallel BMI charting questions (standard and color-coded) adjusted for site,
and by site, and for the pooled data (excluding control questions), adjusting for question since
there was variability in response to the different questions, for both the combined sample
(adjusted for site) and by site. The pooled data were used to explore the association between
answering a question correctly and each of the following variables independently adjusting for
chart type (standard versus color-coded), question, and site (for combined sample): continuous
standardized WRAT-3R score or raw S-TOFHLA score, years of education, income, type of
insurance (public, including Medicaid, AccessCare, North Carolina’s Medicaid managed care,
and Tenncare, Tennessee’s Medicaid managed care, or private), mean age of youngest child,
number of children, and race/ethnicity (black/African American, white, “other”, Hispanic).
Due to the extremely small number in the “no insurance” group, we excluded those individuals
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(2 total) rather than arbitrarily assign them since they could not be in their own group due to
model convergence issues.
Individuals were then stratified into three groups based on their WRAT-3R scores: K-5; Middle
School; or High School and greater. Due to sample size constraints, only combined data were
used to explore the relationship between a parent’s numeracy level and the difference in
performance using standard versus color-coded charts on the parallel BMI charting questions;
analyses were completed for each individual question as well as the pooled sample. Since 94%
of the sample classified as “adequate” health literacy based on S-TOFHLA score,21 conducting
a similar stratified analysis for health literacy was not possible. Statistical significance was
established at a p<0.05. All analyses were conducted using SAS version 9.1 (SAS Institute
Inc., Cary, NC).
Results
The majority of individuals approached for the study participated (66 refused, 54 were
ineligible, and 2 did not complete the study). Demographic characteristics of the final sample
(N=163) are summarized in Table 1. Differences between sites were noted and accounted for
in subsequent analyses. The majority of parents identified as either black/African American
(48%) or white (38%). Nearly 40% had an annual income less than $20,000; 66% were publicly
insured. A large majority (84%) had WRAT-3R scores at or below middle school numeracy.
22 Most (94%) parents had “adequate” health literacy.23 None screened as colorblind.
On average, both groups answered 65% of the standard BMI charting questions correctly. Less
than a third (27%) said their child’s doctor had discussed BMI at a prior regular check-up with
their child(ren). However, these parents did not differ from parents who reported not discussing
BMI at a prior check-ups in their ability to correctly interpret BMI charts.
Sixty percent of parents responded that they knew what BMI was, but only 30% could correctly
define BMI in open-ended format (in 89% of cases where some answer was provided, all
reviewers agreed as to its correctness; kappa = 0.85). The odds of providing a correct definition
of BMI were 1.06 (95% CI 1.00–1.13; p=0.04) and 1.18 (95% CI 1.02–1.37; p=0.03) times
greater for each point higher an individual scored on the WRAT-3R and S-TOFHLA,
respectively. The odds of providing a correct definition of BMI were 1.28 (95% CI 1.11–1.47;
p=0.0005) times greater for each additional year increase in education, 6.53 (95% CI 1.59–
26.73) times greater for those in the $40,000–60,000 income range and 4.83 (95% CI 1.50–
15.50) times greater for those earning $60,000 or greater, both compared to those earning <
$10,000. Those who were white were 2.71 times (95%CI 1.25–5.87) times greater than those
who were black/African American to be correct (Hispanics and “other” were not significantly
different than black/African American). Finally, those with public insurance were 0.37 (95%
CI 0.18–0.76) times as likely as those with private insurance to provide a correct definition.
On pooled parallel BMI charting questions, parents were correct 65% of the time using standard
charting compared to 88% using the color-coded charting. After adjusting for site and question
variability, this translates into over four times greater odds of answering a question correctly
using the color-coded charting compared to the standard charting (OR 4.32, 95% CI 3.14–5.95)
(Table 2). This significant difference was similar for both sites. When individual parallel BMI
charting questions were assessed separately, parents from the combined sample scored better
using the color-coded than the standard BMI charts on every question (all p values <0.01)
(Table 2). In contrast, for two control questions, where interpretation of the questions were
independent of the charting’s color-coding scheme, the odds of answering a question correctly
were not significantly greater using color-coded compared to standard charts (p=0.62 for
Control Question 1 and p=0.53 for Control Question 2). This reflects the specificity of the
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color-coding “intervention” as well as arguing against a learning effect of having the standard
chart questions first.
Higher continuous S-TOFHLA and WRAT-3R scores, greater number of years of education,
being at the highest compared to lowest income bracket, having private versus public insurance,
and being white or of “other race” rather than Black or African American were all associated
with greater odds of answering a parallel BMI charting question correctly regardless of whether
the question was asked using a standard or color-coded chart. Neither number of children nor
age of the youngest child was related to correct answers of parallel BMI charting. All odds
ratios are shown in Table 3. Analyses done by site revealed similar results, though data are not
shown.
While color-coding was associated with higher scores on the BMI charting questions for all
numeracy levels, the greatest benefit was experienced by those with lower numeracy. Parents
with K-5 level numeracy increased from an average of 51% correct on the standard charts to
81% on the color-coded charts (30% difference, p <0.0001), those with middle school
numeracy went from averages of 70% to 90% (23% difference, p<0.0001), and those with high
school or greater numeracy went from 89% to 99%) (10% difference, p=0.011).
DISCUSSION
Our study assessed parental understanding of BMI, investigated demographic factors
associated with BMI chart understanding, and tested differentials in parental understanding
using standard versus color-coded BMI charts. Previous studies have shown that pediatricians
hesitate to show BMI charts to parents, believing that parents will not be able to understand
their complexity.15 With standard BMI charts, parents answered less than two-thirds of the
questions correctly, even when they reported their child(ren)’s doctor had previously discussed
BMI. However, parents universally demonstrated greater understanding using the color-coded
BMI charts. Parents demonstrated more than four times greater odds of answering questions
correctly using color-coded charts than standard charts. Furthermore, parents with the lowest
numeracy demonstrated the largest increases with color-coded charts, suggesting color-coding
could help reduce numeracy disparities in understanding BMI charting.
It makes sense that parental numeracy skills would be highly correlated with understanding of
BMI and BMI charts since BMI and graphs in general are numerical entities. Previous studies
have also shown a link between numeracy and adult understanding of health information that
is reliant on numerical skills, such as understanding of food labels,24 anticoagulation
management,25 interpretation of glucose meter readings and insulin adjustment in patients with
diabetes,26 and asthma management.27 Similar to our study, several studies found a stronger
relationship between comprehension and numeracy than comprehension and literacy.
There are several important limitations of this study. First, our study population had relatively
high health literacy, with almost all participants scoring in the “adequate” range on the S-
TOFHLA as in other recent studies.28 Despite this “ceiling effect,” we did find an association
between literacy level and the ability to both provide a correct definition of BMI in open-ended
format and interpret BMI charts in general. However, we were unable to assess the impact of
color-coded BMI charting on parents with inadequate health literacy, which had been one of
our initial goals. Second, although our “Understanding BMI” questionnaire was designed to
assess parental understanding of BMI charting, there is, as yet, no validated tool to test this.
Therefore, it is unclear whether correctly interpreting BMI charting on this questionnaire
translates to understanding of a child’s weight status in a real office setting, or, more
importantly, whether the ability to interpret a BMI chart would contribute to parental
motivation to make recommended lifestyle changes. Third, our study was completed using a
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convenience sample derived from two large academic centers’ pediatrics clinics. While those
participating in this study reflected a diverse sample similar demographics to the clinics from
which they were recruited, those demographics may or may not be generalizable to other
settings. Similarly, due to the non-random nature of recruitment and lack of prior data regarding
our population’s children’s BMIs, it is not possible to confirm that our participants’ responses
regarding BMI experience and knowledge are typical for the clinic populations in general.
However, given that the demographics of our sample are consistent with our clinic populations,
there is no particular reason to expect selection bias. Fourth, in one clinic, patients visiting
specialty physicians as well as general pediatricians were included, which may account for
differences in demographics between sites. To reduce the impact of these between-site
differences, such differences were adjusted for in all analyses. Fifth, surprisingly, our study
population included no participants with colorblindness on our screen, so it was not possible
to assess the interpretability of color-coded BMI charts for those individuals. If color-coded
BMI charting (or other color-coded interventions) were to be implemented in practice,
categories should be easily distinguishable, even to those who are so-called “red-green”
colorblind. Also, our data only allowed the exploration of potential factors associated with
understanding BMI; they did not allow for predictive modeling. Therefore, we were unable to
ascertain, for example, whether higher education was a proxy for higher numeracy ability, or
if higher education itself was an independent predictor of a parents’ ability to understand BMI
charting. This leaves remaining questions about which parents are most likely to find which
type of BMI charting most helpful in discussions about BMI. Finally, the terminology of BMI
categories changed during our study, and it is hard to know how much of a role new terminology
of BMI categories would help or hinder BMI charting understanding.
Despite these limitations, our findings have important implications. If color-coding helps
improve parents’ understanding of BMI, doctors may be able to use the color-coded BMI chart
as a tool in their practice to communicate weight status to parents more effectively. In one
study, when asked what resources would be most helpful, 90% of pediatricians endorsed better
tools to communicate weight problems to patients.14 We also know that parental readiness to
make changes is affected by parents’ perceptions of their children’s weight. One study noted
that if parents perceived their children were overweight, they were twice as likely to fall into
the preparation/action stage of change to help their children lose weight.29 In another study,
most (68%) parents of obese children who thought their children’s weight was unhealthy were
told this by a doctor, and more parents whose doctors explained their children’s weight as
unhealthy were preparing to make lifestyle changes compared with those whose doctors never
stated this (75% vs. 25%, p<0.05).30 In a recent British study of the effects of a structured
weight communication program, half the parents of young obese children who were told their
children’s weight was unhealthy reported positive health behavior change, and most wanted
such weight-based communication regularly.31 Finally, when doctors fail to take obesity
seriously at younger ages, parents perceive this as a barrier to change health habits.32 Color-
coded BMI charts could be one way to communicate early problems in the universally-
understood stop light motif. Whether better communication of BMI to parents leads to
increased recognition of their children’s weight status and whether such understanding then
leads to improved lifestyle or weight trajectories are projects deserving further research, and
we have begun to study these important questions.
To our knowledge, our study is the first to evaluate whether use of color-coded charts aids
parental understanding of BMI charting. Our results suggest that color-coded BMI charts
increase the number of parents who will understand BMI charting, particularly those with lower
numeracy. Color-coded BMI charting may be one element in the growing repertoire of tools
to assist pediatricians in effectively communicating with parents and may help start a
conversation of therapeutic lifestyle change in an era of a childhood obesity epidemic.
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Parallel BMI charting questions asked using standard and color-coded BMI charting.
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Example of color-coded BMI chart. Green indicates healthy weight (BMI 5th–<85th percentile),
yellow indicates at risk for overweight (now called overweight; BMI 85th to <95th percentile),
and red indicates underweight (<5th percentile) or overweight (now called obese; ≥95th
percentile).
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Table 1
Demographic characteristic
Variable Combined (n=163) Vanderbilt (n=69) UNC (n=94) p-value‡
Race*, n (%) 0.07
 American Indian or Alaskan
Native
2 (1) 0 (0) 2 (2)
 Asian 5 (3) 1 (2) 4 (4)
 Black or African American 77(48) 32 (46) 45 (49)
 Native Hawaiian or other
Pacific Islander
1 (1) 1 (1) 0 (0)
 White 61 (38) 32 (46) 29 (32)
 Hispanic or Latino 15 (9) 3 (4) 12 (13)
Insurance, n (%) <0.01
 Public 107 (66) 56 (81) 51 (54)
 Private 54 (33) 13 (19) 41 (44)
 None 2 (1) 0 (0) 2 (2)
Income 0.02
 < $10,000 42 (26) 27 (39) 15 (16)
 $10,000 – $19,999 21 (13) 8 (12) 13 (14)
 $20,000 – $39,999 52 (32) 19 (28) 33 (35)
 $40,000 – $59,999 13 (8) 4 (6) 9 (10)
 $60,000+ 28 (17) 8 (12) 20 (21)
 Missing 7 (4) 3 (4) 4 (4)
Years of Education†, Mean
(SD)
13.5 (2.9) 12.8 (3.0) 14.0 (2.7) 0.01
S-TOFHLA Score†, Mean (SD) 33.1 (5.4) 32.6 (6.3) 33.5 (4.6) 0.31
WRAT-3R Score, Mean (SD) 34.6 (5.9) 33.5 (6.1) 35.5 (5.7) 0.04
Mean number of children 2.5 (1.3) 2.6 (1.3) 2.5 (1.4) 0.67
Mean age of youngest 3.3 (2.1) 3.4 (2.1) 3.3 (2.1) 0.8
Knowledge of BMI
 Doctor discussed BMI at last
visit, n (%)
44 (27) 14 (20) 30 (32) 0.11
 Reports understanding of BMI,
n (%)
98 (60) 36 (52) 62 (66) 0.11
 Correctly defines BMI, n (%) 49 (30) 16 (23) 33 (35) 0.12
S-TOFHLA = Short Test of Functional Health Literacy in Adults, WRAT-3R = Wide Range Achievement Test – mathematics portion, BMI = body mass
index
*
Overall Sample size is 161; Sample size at UNC is 92
†
Overall Sample size is 162; Sample size at UNC is 93
‡
Calculated using Fisher’s exact test or two-sample t-test. P-value reflects comparison between sites.
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Table 3
Association between covariates and parent performance on four parallel BMI charting questions
Variable Combined OR of answering a BMI charting question correctly (95% CI)*
WRAT-3R† 1.18 ‡ (1.14, 1.22)
S-TOFHLA† 1.12 ‡ (1.08, 1.16)
Education§ 1.24 ‡ (1.15, 1.34)
Income ‡,||
 $10,000–$19,999 2.11¶ (1.08, 4.14)
 $20,000–$39,999 2.60‡ (1.57, 4.31)
 $40,000–$59,999 1.94 (0.78, 4.86)
 $60,000+ 10.20‡ (4.65, 22.35)
Private insurance\\ 2.58 ‡ (1.54, 4.31)
Mean age of youngest child 1.0** (0.91–1.1)





WRAT-3R = Wide Range Achievement Test – mathematics portion, S-TOFHLA = Short Test of Functional Health Literacy in Adults
*
Adjusted for Question, Chart-type, and Site
†




Odds ratio is for each additional year of education
||




Reference group is public insurance (“no insurance” group was dropped due to model convergence issues with only two in that category).
**
Odds ratio is for each additional year of age
††
Odds ratio is for each additional child
§§
Reference group for all listed is Black
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